The Proper Orthogonal Decomposition (POD) combined with the (Discrete) Empirical Interpolation Method (DEIM) can be used to speed up the solution of a FE model. However, it can lead to numerical instabilities. To increase the robustness, the POD_DEIM model must be constructed by preserving the structure of the full FE model. In this communication, the structure preserving is applied for different potential formulations used to solve electromagnetic problems.
I. INTRODUCTION
To study electrical devices, the Finite Element (FE) Method combined with a time-stepping scheme is often used to solve low frequency electromagnetic problems. To reduce the size of the FE model, the Proper Orthogonal Decomposition (POD) combined with the (Discrete) Empirical Interpolation Method (DEIM) has been applied to solve problems in engineering [1] [2] . In computational electromagnetic, potential formulations coupled with electric equations are commonly used to model a device. Then, different types of degree of freedom (DoF) (i.e. nodes, edges, voltages or/and currents) are considered in the solution vector. To build the reduced model, the solution vector is approximated in a reduced basis deduced from the snapshot method [3] . In order to conserve the numerical stability of the full model to the reduced model, the numerical structure must be preserved [4] . In this communication, the structure preserving approach is applied for different potential formulations used to solve electromagnetic problems. The method is based on the construction of reduced basis dedicated to each type of DoF.
II. NUMERICAL MODEL
By applying the POD_DEIM approach [1] [2] on a nonlinear FE model coupled with the circuit equation, the general form of the differential algebraic equations to solve can be written:
with M r and K r square matrices, F r (t) the source vector and X r (t) the solution vector of the reduced model. The solution vector X(t) of the full problem is X(t)= X r (t). The operator is deduced from the snapshot matrix M X defined by M X =(X(t j )) 1 j Ns . This snapshot matrix is thus obtained from the solution of the FE model during the first time steps or in a preprocessing step. Then, the matrix is deduced from the Singular Decomposition Value of M X . The interpolation matrix M DEIM and the vector G DEIM which depends on a nonlinear function are approximated by the DEIM [1] . The vector X(t) can be composed of different types of DoF. For example, in the case of the A-v formulation coupled with electric circuits, the unknowns related to edges, nodes and currents are concatenated in X(t). If one uses directly the snapshots of vector X(t) to define , the robustness of the reduced model might be worsen and it can be unstable. To preserve the structure of the full FE model, a reduced basis attached to each type of DoF is computed. In a general form, X(t) can be written such as X(t)=[X 1 (t) X 2 (t) X n (t)] t with n the number of DoF type and X i (t) the solution vector of the i th type of DoF. The reduced basis i related to the i th type of DoF is defined from the snapshot matrix M Xi of X i (t). Then, we have X i (t)= i X ri (t).
is set as a block diagonal matrix such as 
III. APPLICATION
In order to evaluate the efficiency of the proposed approach, two electromagnetic problems have been studied. The first one is a nonlinear magnetostatic problem based on a three phase transformer supplied by sinusoidal voltages at no load. The second one is a magnetoquasistatic problem based on a conducting plate submitted to a field created by an inductor. The vector potential formulation coupled with electric circuits and the A-v electric formulation have been used respectively to solve these problems. For both problems, without preserving structure, the results of reduced models diverge to the references. By using the proposed approach, the solution of the reduced models is close to the FE model.
